Three new secoiridoids, swertiakoulactone (1) and swertiakosides A and B (2 and 3), were isolated from Swertia kouitchensis. Their structures were elucidated by comprehensive spectroscopic analyses including MS, IR, 1D and 2D NMR data. By the anti-hepatitis B virus (HBV) assay on Hep G 2.2.15 cells line in vitro, compound 1 showed moderate activities inhibiting the HBsAg secretion (IC 50 = 1.10 mM, SI = 4.39) and HBV DNA replication (IC 50 = 1.16 mM, SI = 4.12).
Introduction
Swertia kouitchensis (Gentianaceae), is a perennial herb mainly distributed in Yunnan, Sichuan, and Guizhou provinces of China, 1 which was widely used as a fork medicine to treat jaundice, indigestion and sore throat. 2 Its congener plant S. mileensis, well-known as Qing-Ye-Dan in Chinese, has been documented in Chinese Pharmacopoeia (1977-2005 editions) for treatment of viral hepatitis. 3 Our previous investigation on S. mileensis resulted in a series of novel anti-HBV active secoiridoid dimers with C 18 and C 20 skeletons (swerilactones A and B 4 , C and D 5 ) and secoiridoid trimers with C 29 skeleton (swerilactones H-K) 6 , as well as three unusual aromatic lactones (swerilactones E-G) 7 and three new secoiridoid glycoside dimers (swerilactosides A-C) 8 . Presently, xanthones, triterpenoids and sterols except for iridoids have been reported from S. kouitchensis. 9, 10 As an on-going search for anti-HBV active compounds from natural resources, our investigation on S. kouitchensis led to the isolation of three new compounds, including one secoiridoid, swertiakoulactone (1) , and two secoiridoid glycosides, swertiakosides A and B (2 and 3). Herein, we report the isolation, structural elucidation, and anti-HBV properties of compounds 1-3.
Results and Discussion
Swertiakoulactone (1) C NMR [δ C 163.8 (C-11), 101.1 (C-4), 171.6 (C-5)] data, which was supported by the 1 H-1 H COSY correlated signal of H-6/H-7 and HMBC correlations from H-7 to C-5 and C-11, and from H-6 to C-4 ( Figure 1 ). In addition, a γ-pyran ring joined with the δ-lactone at C-4 and C-5 positions was deduced from the 1 H NMR [δ H 7.29, (1H, s), 5.60 (1H, q, J = 6.5 Hz)] and 13 C NMR [δ C 129.6 (C-2), 135.4 (C-3), 74.1 (C-9)] data, together with the HMBC experiment ( Figure 1 ) (H-3/C-5, C-11; and H-9/C-3, C-5). The residual two carbons, *To whom correspondence should be addressed. E-mail: chenjj@mail.kib.ac.cn. ascribed as one methyl and one conjugated aldehyde groups, were assigned at C-9 and C-2 respectively, by the correlations of H-9/Me-10 in 1 H-1 H COSY spectrum and H-1/C-3, C-9 in HMBC spectrum ( Figure 1) . Thus, the structure of swertiakoulactone (1) Therefore, the planar structure of compound 2 was constructed. In the ROESY spectrum (Figure 2) , correlations of H-3 with H-1′ and H-9 indicated the same orientation of H-3, H-1′ and H-9. Based on the structure of 2 shown in figure 2, the anomeric H-atom (H-1′) was put at the upside of the reference plane (β-orientation), therefore, H-3 and H-9 were also determined as β-orientation. Similarly, the obviously correlated signal of H-1 with H-10 indicated the α-orientation of H-1, which was consistent with the undetected correlation of H-1 with H-3. Hence, the structure of swertiakoside A (2) was established. 12 Comparison of its 1D NMR spectra (Table 1 ) with those of 3-epi-swertiajaposide C 13 showed high similarity. The major difference was that the methoxyl group in 3-episwertiajaposide C [δ C 57.7 (t)] was replaced by an ethoxyl group in compound 3 [δ C 67.5 (t), 15.2 (q)], which was confirmed by the (9) bond. Similarly, the glucosyl group at C-1 and the ethoxyl group at C-3 were proposed as trans-orientation based on the 13 C NMR data [δ C 90.9 (C-1), 94.4 (C-3)], as well as the undetected correlation of H-1 with H-3 in the ROESY spectrum. 13 Consequently, the structure of swertiakoside B (3) was elucidated as shown.
Compounds 1-3 were evaluated for their anti-HBV activities, namely inhibiting the secretion of hepatitis B surface antigen (HBsAg) and hepatitis B e antigen (HBeAg), as well as HBV DNA replication in Hep G 2.2.15 cells, as reported previously (tenofovir was used as the positive control). 6 The results showed that compound 1 exhibited moderate activity inhibiting the secretion of HBsAg with an IC 50 value of 1.10 mM (SI = 4.39) and HBV DNA replication with an IC 50 value of 1.16 mM (SI = 4.12). However, compounds 2 and 3 showed no anti-HBV activity and cytotoxicity at the highest tested concentration (2.86 mM and 1.73 mM, respectively).
Experimental Section
General Experimental Procedures. Column chromatography (CC): silica gel (SiO 2 ; 200-300 mesh, Qingdao Makall Chemical Co. Ltd., Qingdao, P. R. China), Sephadex LH-20 (Pharmacia, Fine Chemical Co. Ltd. Uppsala, Sweden), and Lichroprep RP-18 (40-63 μm; Merck, D-Darmstadt). Fractions were monitored by TLC, visualizing by spraying with 10% H 2 SO 4 in EtOH followed by heating. Optical rotations: Jasco model 1020 polarimeter (Horiba, Tokyo, Japan). UV Spectra: UV-210A spectrometer (Shimadzu, Kyoto, Japan); λ max (log ε) in nm. IR Spectra: Bio-Rad FTS-135 spectrometer (Bio-Rad, Hercules, California, USA); KBr pellets; in cm ; NMR data, see 
Acid Hydrolysis of Swertiakoside B (3).
A solution of 3 (3 mg) in a mixture of MeOH (1.0 mL) and 10% H 2 SO 4 (1.0 mL) was refluxed for 2 h. The hydrolysate was allowed to cool, diluted with 2 mL of H 2 O, and extracted with 4 mL of AcOEt for 3 times. The aq. layer was neutralized with aq. Ba(OH) 2 and concentrated in vacuum to give a residue, in which glucose (from 3) was identified by comparison with the authentic sample (BuOH/AcOEt/H 2 O 4:1:5, upper layer, R f 0.45; PhOH/H 2 O 4:1, R f 0.50) on PC: visualized by spraying with phthalic acid/aniline reagent (1.66 g phthalic acid and 0.93 g aniline dissolved in 100 mL H 2 O/sat. BuOH), followed by heating.
In Vitro Anti-HBV Assay. The anti-HBV procedure was performed according to our previous report. 8 Briefly, compounds 1-3 were evaluated in the Hep G 2.2.15 cell line, which was stably transfected (Lipofectamine 2000 reagent; Invitrogen; Carlsbad, CA, USA) with the HBV genome. The toxicity of the compounds was assayed by using a modified MTT (GIBCO Invitrogen, Carlsbad, CA, USA) method. DMSO (Gibco; solvent control) alone was added to each culture as a solvent control. All the compounds evaluated were dissolved in DMSO for the assays of anti-HBV activity and cytotoxicity. The concentration of DMSO in the culture was kept below 2.5 μL mL -1 to ensure that the growth of the cells was not affected.
Cell Line and Cell Culture. The widely used Hep G 2.2.15 cell line was applied for the assay of anti-HBV activities. In this study, Hep G 2.2.15 cells established from a hepatoma cell line Hep G 2 (ATCC, Manassas, VA, USA) were cultured in RPMI-1640 (GIBCO) medium supplemented with 10% fetal calf serum (GIBCO), 100 μg mL -1 G148 (GIBCO), 100 IU/mL penicillin (GIBCO), and 100 IU/mL streptomycin (GIBCO). All cultures were maintained at 37C in a moist atmosphere containing 5% CO 2 .
Analysis of Secreted HBV Antigens. The sub-toxic concentration of the identified compounds was measured with a serial dilution in 96-well microplates in which cells were seeded at a density of 3×10 4 cells/mL and cultured at 37 C, 5% CO 2 for 12 days. After incubation, the cells and supernatants were collected. The levels of HBsAg and HBeAg in the supernatants were assayed with an ELISA (AutoBio Diagnostics Co., Ltd., Beijing, P. R. of China) method. The absorbance (A) of each well was measured at 490 nm using a microplate reader (Model 680, Bio-Rad, Inc., Hercules, CA, USA).
Determination of HBV DNA Replication. HepG 2.2.15 cells were seeded in 24 well culture plates at a density of 5 × 10 5 cells per well. Every 2 days, medium was changed. After 6 days, compounds were added to the cell cultures, and fresh medium was fed every other day for another 6 days. Cells were collected and total DNA was isolated by using TIANamp Gemomic DNA Kit (TIANGEN, Biotech Co., Ltd, China) following the manufacturer's instructions. For detection of HBV DNA, a real-time PCR assay was used.
Cytotoxicity Assay. The toxicity of compounds 1-3 was assayed by a modified MTT method. In brief, the samples were prepared at different concentrations. After Hep G 2.2.15 cells had been seeded in a 96-well microplate for 4 h, the samples (20 mL) were placed in each well and incubated for 3 days at 37C; then, 0.1 mL MTT [3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide, 400 mg mL -1 ] was added for 4 h. After removal of MTT medium, DMSO (100 mL/well) was added into the microplate for 10 min. The formazan crystals were dissolved, and the absorbance was measured on a microplate reader at 490 nm.
